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Description

[0001] The present invention relates to an image sensor, a focus detection device and an imaging device.

[0002] There is an image sensor known in the related art that includes focus detection pixels, which are used to detect
the focusing state by adopting the split pupil phase difference detection method, disposed along the horizontal direction
over a central area of the image sensor and imaging pixels disposed around the focus detection pixels (see Japanese
Laid Open Patent Publication No. H01-216306).

[0003] The focus detection function of the image sensor in the related art described above, with the focus detection
pixels arrayed along the horizontal direction only over the central area of the image sensor, is limited since the focus
detection target subject needs to be captured over the center of the image plane. If focus detection pixels are distributed
over the entire range of the image plane in order to address this problem, the quality of the image obtained by interpolating
the image output at each focus detection pixel position based upon the outputs from the surrounding imaging pixels is
bound to become lower. Accordingly, it is crucial to strike an optimal balance in satisfying the requirements pertaining
to the imaging function and the requirements pertaining to the focus detection function so as to improve the focus
detection performance while assuring satisfactory image quality.

[0004] According to the 1st aspect of the present invention, an image sensor equipped with imaging pixels disposed
in a two-dimensional array, which converts an image formed through an optical system to an electrical signal, comprises:
first focus detection pixel groups each formed by disposing in the arrayof the imaging pixels apluralityof first pixels
adopting a split pupil method; and second focus detection pixel groups each formed by disposing in the array of the
imaging pixels a plurality of second pixels adopting a split pupil method different from the split pupil method adopted in
the first pixels, and a relationship between a number of the first focus detection pixel groups and a number of the second
focus detection pixel groups is determined in correspondence to directions of positions assumed by the first focus
detection pixel groups and the second focus detection pixel groups relative to a center of the image sensor.

[0005] According to the 2nd aspect of the present invention, in the image sensor according to the 1st aspect, it is
preferred that when the image sensor is divided into a first region ranging along a first direction in which the first pixels
in each of the first focus detectionpixel groups are disposed and a second region ranging along a second direction in
which the second pixels in each of the second focus detection pixel groups are disposed, the second focus detection
pixel groups are disposed in a greater number than the first focus detection pixel groups in the first region and the first
focus detection pixel groups are disposed in a greater number than the second focus detection pixel groups in the second
region.

[0006] According to the 3rd aspect of the present invention, in the image sensor according to the 1st aspect, it is
preferred that the relationship between the number of the first focus detection pixel groups and the number of the second
focus detection pixel groups is determined in correspondence to a distance from the center of the image sensor.
[0007] According to the 4th aspect of the present invention, in the image sensor according to the 1st aspect, it is
preferred that: the first pixels and the second pixels are disposed respectively along a first direction and a second direction
in which pixels are disposed densely in the array of the imaging pixels; and when the image sensor is divided into a first
region ranging along the first direction and a second region ranging along the second direction with borderlines extending
along radial directions different from the first direction and the second direction in reference to a position through which
an optical axis of the optical system passes, the second focus detection pixel groups are disposed in a greater number
than the first focus detection pixel groups in the first region and the first focus detection pixel groups are disposed in a
greater number than the second focus detection pixel groups in the second region.

[0008] According to the 5th aspect of the present invention, in the image sensor according to the 4th aspect, it is
preferred that the borderlines extend at 45° inclinations relative to the first direction and the second direction.

[0009] According to the 6th aspect of the present invention, in the image sensor according to the 1st aspect, it is
preferred that photoelectric conversion units at the first pixels in the first focus detection pixel groups assume a size
different from the size of photoelectric conversion units at the second pixels in the second focus detection pixel groups.
[0010] According to the 7th aspect of the present invention, in the image sensor according to the 2nd aspect, it is
preferred that photoelectric conversion units at the first pixels in the first focus detection pixel groups disposed in the
first region are smaller in size than photoelectric conversion units at the second pixels in the second focus detection
pixel groups disposed in the first region.

[0011] According to the 8th aspect of the present invention, in the image sensor according to the 1st aspect, it is
preferred that the first pixels in the first focus detection pixel groups and the second pixels in the second focus detec-
tionpixel groups each include a single photoelectric conversion unit, photoelectric conversion units at first pixels adjacent
to each other are paired up and photoelectric conversion units at second pixels adjacent to each other are paired up.
[0012] According to the 9th aspect of the present invention, in the image sensor according to the 1st aspect, it is
preferred that: the first pixels each include a photoelectric conversion unit that receives a light flux having passed through
at least one of a pair of areas set side by side along a first direction on an exit pupil of the optical system and the first
focus detection pixel groups are each formed by disposing a plurality of the first pixels along a direction corresponding
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to the first direction; the secondpixels each include a photoelectric conversion unit that receives a light flux having passed
through at least one of a pair of areas set side by side along a second direction different from the first direction on the
exit pupil of the optical system and the second focus detection pixel groups are each formed by disposing a plurality of
the second pixels along a direction corresponding to the second direction; and when the image sensor is divided into a
first region ranging along a direction corresponding to the first direction and a second region ranging along a direction
corresponding to the second direction with borderlines extending along radial directions different from the first direction
and the second direction in reference to a position through which an optical axis of the optical system passes, the second
focus detection pixel groups are disposed in a greater number than the first focus detection pixel groups in the first region
and the first focus detection pixel groups are disposed in a greater number than the second focus detection pixel groups
in the second region.

[0013] According to the 10th aspect of the present invention, in the image sensor according to any one of the 4th
through 9th aspects, it is preferred that a ratio of the number of the first focus detection pixel groups to the number of
the second focus detection pixel groups is gradually reduced further away from the position at which the optical axis
passes in the first region and a ratio of the number of the second focus detection pixel groups to the number of the first
focus detection pixel groups is gradually reduced further away from the position at which the optical axis passes in the
second region.

[0014] According to the 11th aspect of the present invention, in the image sensor according to any one of the 1st
through 10th aspects, it is preferred that at the center of the pixel array in the image sensor, a first focus detection pixel
group and a second focus detection pixel group are disposed so as to intersect each other.

[0015] According to the 12th aspect of the present invention, in the image sensor according to any one of the 2nd
through 9th aspects, it is preferred that only the second focus detection pixel groups are disposed in the first region over
a peripheral area of the pixel array in the image sensor and only the first focus detection pixel groups are disposed in
the second region over a peripheral area of the pixel array in the image sensor.

[0016] According to the 13th aspect of the present invention, in the image sensor according to any one of the 2nd,
3rd and 5th through 9th aspects, it is preferred that the first direction and the second direction are directions along which
pixels are densely disposed in the pixel array in the image sensor.

[0017] According to the 14th aspect of the present invention, a focus detection device, comprises: an image sensor
according to any one of the 1st through 13th aspects; and a focus detection unit that detects a state of focus adjustment
at the optical system based upon outputs from the first focus detection pixel groups and the second focus detection pixel
groups.

[0018] According to the 15th aspect of the present invention, an the imaging device comprises: an image sensor
according to any one of the 1st through 13th aspects; an interpolation unit that interpolates image outputs at positions
assumed by the first pixels and the second pixels based upon outputs from the imaging pixels surrounding the first pixels
and the second pixels; and a control unit that generates an image signal based upon the image outputs obtained through
interpolation executed by the interpolation unit at the positions assumed by the first pixels and the second pixels, and
the outputs from the imaging pixels.

[0019] According to the 16th aspect of the present invention, an the image sensor equipped with imaging pixels
disposed in a two-dimensional array, which converts an image formed through an optical system to an electrical signal,
comprises: first focus detection pixel groups each formed by disposing in the arrayof the imagingpixels apluralityof first
pixels adopting a split pupil method; and second focus detection pixel groups each formed by disposing in the array of
the imaging pixels a plurality of second pixels adopting a split pupil method different from the split pupil method adopted
in the first pixels, and a relationship between a number of the first focus detection pixel groups and a number of the
second focus detection pixel groups is determined in correspondence to distances of positions assumed by the first
focus detection pixel groups and the second focus detection pixel groups from a center of the image sensor.

[0020] According to the 17th aspect of the present invention, a method for manufacturing an image sensor comprises :
disposing imaging pixels in a two-dimensional array that convert an image formed through an optical system to an
electrical signal; forming first focus detection pixel groups each by disposing in the array of the imaging pixels a plurality
of first pixels adopting a split pupil method; and forming second focus detection pixel groups each by disposing in the
array of the imaging pixels a plurality of second pixels adopting a split pupil method different from the split pupil method
adopted in the first pixels, and a relationship between a number of the first focus detection pixel groups and a number
of the second focus detection pixel groups is determined in correspondence to directions of positions assumed by the
first focus detection pixel groups and the second focus detection pixel groups relative to a center of the image sensor.
[0021] Accordingtothe 18th aspectofthe presentinvention, inthe method for manufacturing animage sensor according
to the 17th aspect, it is preferred that when the image sensor is divided into a first region ranging along a first direction
in which the first pixels in each of the first focus detection pixel groups are disposed and a second region ranging along
a second direction in which the second pixels in each of the second focus detection pixel groups are disposed, the
second focus detection pixel groups are disposed in a greater number than the first focus detection pixel groups in the
first region and the first focus detection pixel groups are disposed in a greater number than the second focus detection
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pixel groups in the second region.

[0022] Accordingtothe 19th aspectofthe presentinvention, inthe method for manufacturing animage sensor according
to the 17th aspect, it is preferred that the relationship between the number of the first focus detection pixel groups and
the number of the second focus detection pixel groups is determined in correspondence to a distance from the center
of the image sensor.

[0023] According tothe 20th aspectofthe presentinvention, inthe method for manufacturing animage sensor according
to the 17th aspect, itis preferred that: the first pixels and the second pixels are disposed respectively along a first direction
and a second direction in which pixels are disposed densely in the array of the imaging pixels; and when the image
sensor is divided into afirst region ranging along the first direction and a second region ranging along the second direction
with borderlines extending along radial directions different from the first direction and the second direction in reference
to a position through which an optical axis of the optical system passes, the second focus detection pixel groups are
disposed in a greater number than the first focus detection pixel groups in the first region and the first focus detection
pixel groups are disposed in a greater number than the second focus detection pixel groups in the second region.
[0024] Accordingtothe 21staspectofthe presentinvention, in the method for manufacturing animage sensor according
to the 17th aspect, it is preferred that photoelectric conversion units at the first pixels in the first focus detection pixel
groups assume a size different from the size of photoelectric conversion units at the second pixels in the second focus
detection pixel groups.

[0025] According to the 22nd aspect of the present invention, in the method for manufacturing an image sensor
according to the 18th aspect, it is preferred that photoelectric conversion units at the first pixels in the first focus detection
pixel groups disposed in the first region are smaller in size than photoelectric conversion units at the second pixels in
the second focus detection pixel groups disposed in the first region.

[0026] According to the 23rd aspect of the present invention, in the method for manufacturing an image sensor ac-
cording to the 17th aspect, it is preferred that: the first pixels each include a photoelectric conversion unit that receives
a light flux having passed through at least one of a pair of areas set side by side along a first direction on an exit pupil
of the optical system and the first focus detection pixel groups are each formed by disposing a plurality of the first pixels
along a direction corresponding to the first direction; the second pixels each include a photoelectric conversion unit that
receives a light flux having passed through at least one of a pair of areas set side by side along a second direction
different from the first direction on the exit pupil of the optical system and the second focus detection pixel groups are
each formed by disposing a plurality of the second pixels along a direction corresponding to the second direction; and
when the image sensor is divided into a first region ranging along a direction corresponding to the first direction and a
second region ranging along a direction corresponding to the second direction with borderlines extending along radial
directions different from the first direction and the second direction in reference to a position through which an optical
axis of the optical system passes, the second focus detection pixel groups are disposed in a greater number than the
first focus detection pixel groups in the first region and the first focus detection pixel groups are disposed in a greater
number than the second focus detection pixel groups in the second region.

[0027] According tothe 24th aspect ofthe presentinvention, inthe method for manufacturing animage sensor according
to any one of the 20th through 23rd aspects, it is preferred that a ratio of the number of the first focus detection pixel
groups to the number of the second focus detection pixel groups is gradually reduced further away from the position at
which the optical axis passes in the first region and a ratio of the number of the second focus detection pixel groups to
the number of the first focus detection pixel groups is gradually reduced further away from the position at which the
optical axis passes in the second region.

[0028] According to the 25th aspect of the present invention, a method for manufacturing an image sensor comprises:
disposing imaging pixels in a two-dimensional array that convert an image formed through an optical system to an
electrical signal; forming first focus detection pixel groups each by disposing in the array of the imaging pixels a plurality
of first pixels adopting a split pupil method; and forming second focus detection pixel groups each by disposing in the
array of the imaging pixels a plurality of second pixels adopting a split pupil method different from the split pupil method
adopted in the first pixels, and a relationship between a number of the first focus detection pixel groups and a number
of the second focus detection pixel groups is determined in correspondence to distances of positions assumed by the
first focus detection pixel groups and the second focus detection pixel groups from a center of the image sensor.

BRIEF DESCRIPTION OF THE DRAWINGS

[0029]
FIG. 1 shows the structure adopted in an embodiment;
FIG. 2 is a plan view of the image sensor;

FIG. 3 is an enlarged view of the imaging pixel array at the image sensor in FIG. 2;
FIG. 4 is an enlarged view of an area over which focus detection pixels are arrayed along the horizontal direction
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at the image sensor in FIG. 2;

FIG. 5 is an enlarged view of an area over which focus detection pixels are arrayed along the vertical direction at
the image sensor in FIG. 2;

FIG. 6 shows the structure of the imaging pixels;

FIG. 7 shows the structure of the focus detection pixels;

FIG. 8 shows the structure of a focus detection pixel achieved in a variation;

FIG. 9 shows the spectral characteristics of the imaging pixels;

FIG. 10 shows the spectral characteristics of the focus detection pixels;

FIG. 11 is a lateral sectional view of an imaging pixel;

FIG. 12 is a lateral sectional view of a focus detection pixel;

FIG. 13 illustrates focus detection executed through the split pupil method by using micro lenses;

FIG. 14 illustrates vignetting of a range-finding pupil in a focus detection area away from the image plane center;
FIG. 15 shows the relationship between the imaging pixels and the exit pupil;

FIG. 16 is a front view of the range-finding pupils on the exit pupil plane;

FIG. 17 is a front view of the range-finding pupils on the exit pupil plane;

FIG. 18 presents a flowchart of the operations executed in the digital still camera (imaging device) shown in FIG. 1,
FIG. 19A, 19B and 19C illustrate correlation calculation;

FIG. 20 is an enlarged view of a focus detection pixel arrangement at an image sensor achieved in a variation;
FIG. 21 is an enlarged view of a focus detection pixel arrangement at an image sensor achieved in a variation;
FIG. 22 is a front view of the range-finding pupils on the exit pupil plane of a focus detection pixel;

FIG. 23 is a plan view of an image sensor achieved in a variation;

FIG. 24 is an enlarged view of an area where the focus detection area 123 and the focus detection area 125 intersect
in FIG. 23;

FIG. 25 presents an example achieved by replacing the focus detection pixel arrangement in FIG. 24 with an
arrangement of focus detection pixels less likely to be affected by vignetting effect;

FIG. 26 presents an example achieved by replacing the arrangement of focus detection pixels 320 and the arrange-
ment of focus detection pixels 330 in FIG. 24 respectively with an arrangement of pairs of focus detection pixels,
with each pair constituted of a focus detection pixel 321 and a focus detection pixel 322 each equipped with a single
photoelectric conversion unit and with an constituted with a focus of pairs of focus detection pixels, with each pair
constituted of a focus detection pixel 331 and a focus detection pixel 332 each equipped with a single photoelectric
conversion unit;

FIG. 27 is a plan view of an image sensor that includes imaging pixels and focus detection pixels disposed in a high-
density hexagonal array pattern;

FIG. 28 is an enlarged view of an area over which imaging pixels are arrayed at the image sensor in FIG. 27;
FIG. 29 is an enlarged view of an area over which focus detection pixels are arrayed at the image sensor in FIG. 27;
FIG. 30 is an enlarged view of another area over which focus detection pixels are arrayed at the image sensor in
FIG. 27;

FIG. 31 is an enlarged view of yet another area over which focus detection pixels are arrayed at the image sensor
in FIG. 27; and

FIG. 32 is a plan view of an image sensor achieved in a variation.

FIG. 33 shows a flowchart that illustrates a process for manufacturing the image sensor explained in the above
embodiment.

DESCRIPTION OF PREFERRED EMBODIMENTS

[0030] Adigital still camera achieved in an embodiment by adopting the image sensor, the focus detection device and
the imaging device (the image-capturing device) according to the present invention is now explained. FIG. 1 shows the
structure adopted in the embodiment. A digital still camera 201 achieved in the embodiment comprises an interchangeable
lens 202 and a camera body 203. The interchangeable lens 202 is mounted at the camera body 203 via a mount unit 204.
[0031] The interchangeable lens 202 includes a lens drive control device 206, a zooming lens 208, a lens 209, a
focusing lens 210, an aperture 211 and the like. The lens drive control device 206, which includes a microcomputer and
peripheral components such as a memory, controls the drive of the focusing lens 210 and the aperture 211, detects the
states of the aperture 211, the zooming lens 208 and the focusing lens 210, transmits lens information to a body dive
control device 214 to be detailed later, receives camera information from the body drive control device 214 and the like.
[0032] An image sensor 212, the body drive control device 214, a liquid crystal display element drive circuit 215, a
liquid crystal display element 216, an eyepiece lens 217, a memory card 219 and the like are disposed at the camera
body 203. Pixels to be detailed later are two-dimensionally arrayed at the image sensor 212, which is disposed at an
predetermined imaging plane of the interchangeable lens 202 to capture a subject image formed through the inter-
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changeable lens 202. Itis to be noted that focus detectionpixels arrayed at specific focus detection positions at the image
sensor 212, are to be described in detail later.

[0033] The body drive control device 214, constituted with a microcomputer and peripheral components such as a
memory, controls image signal read from the image sensor 212, image signal correction, detection of the focus adjustment
state at the interchangeable lens 202 and reception/transmission of lens information/camera information (defocus
amount) from/to the lens drive control device 206, as well as the overall operation of the digital still camera. The body
drive control device 214 and the lens drive control device 206 engage in communication with each other via an electrical
contact point portion 213 at the mount unit 204 to exchange various types of information.

[0034] Theimage sensor 212 equipped with the focus detection pixels and the body drive control device 214 described
above constitute a focus detection device. In addition, the digital still camera 201 or, more specifically, the camera body
203 constitutes an imaging device.

[0035] The liquid crystal display element drive circuit 215 drives the liquid crystal display element 216 at an electronic
viewfinder (EVF: electrical viewfinder). The photographer is able to observe an image displayed at the liquid crystal
display element 216 via the eyepiece lens 217. The memory card 219 can be loaded into/unloaded from the camera
body 203 freely and is a portable storage medium for storing image data.

[0036] A subject image on the image sensor 212 with light having passed through the interchangeable lens 202
undergoes photoelectric conversion at the image sensor 212 and the photoelectric conversion output is then provided
to the body drive control device 214. The body drive control device 214 calculates the defocus amount indicating the
extent of defocusing manifesting at a specific focus detection position based upon the data output from the focus detection
pixels disposed on the image sensor 212 and transmits this defocus amount to the lens drive control device 206. In
addition, the body drive control device 214 stores image signals generated based upon the output from the image sensor
212 into the memory card 219 and provides the image signals to the liquid crystal display element drive circuit 215 to
enable the liquid crystal display element 216 to display the image.

[0037] Operation members (e.g., a shutter button, a focus detection position setting member and the like, not shown)
are disposed at the camera body 203. The body drive control device 214 detects operation state signals from these
operation members and controls operations (imaging operation, focus detection position setting operation, image
processing operation) based upon the detection results.

[0038] The lens drive control device 206 adjusts the lens information in correspondence to the current focusing state,
zooming state and aperture setting state, the aperture F value and the like. More specifically, the lens drive control
device 206 monitors the positions of the lenses 208 and 210 and the aperture setting at the aperture 211, and calculates
correct lens information based upon the monitored information. Alternatively, it may select the lens information corre-
sponding to the monitored information from a lookup table prepared in advance. In addition, the lens drive control device
206 calculates a lens drive quantity indicating the extent to which the lens is to be driven based upon the defocus amount
having been received and drives the focusing lens 210 to a focus match point based upon the lens drive quantity via a
drive source such as motor (not shown).

[0039] The requirements that the image sensor should fulfill with regard to its imaging function and with regard to its
focus detection function are now summarized. In relation to the imaging function, the image sensor must interpolate the
image output at a focus detection pixel position based upon image outputs from the surrounding imaging pixels and
since the image quality is lowered through the interpolation, the ratio of the number of focus detection pixels to the overall
number of pixels constituting the image sensor must be set as small as possible. In addition, if line images overlap at
animage sensor with focus detection pixels disposed in succession over a significant length, the extent of the interpolation
error willtend to increase, resulting in degradation of the image quality. Accordingly, the focus detection pixel arrangement
length should be minimized. These requirements must be satisfied in the image sensor by restricting the number of
focus detection pixels.

[0040] The focus detection function-related requirements include the need for as many focus detection areas as
possible to be set in the image plane to ensure that the focus detection target image is captured with a high level of
reliability no matter where it is present within the image plane . Inaddition, in order to enable focus detection even when
the contrast of the focus detection target image changes only along a specific direction, the focus detection should be
executed along as many directions as possible, which necessitates that focus detection pixels be arrayed along multiple
directions. Atthe sametime, since the pixels atthe image sensor are two-dimensionally arrayed along directions extending
perpendicular to each other (in a matrix), the pixels are arrayed with the smallest pitch along the two perpendicular
directions (horizontally and vertically) and higher focus detection accuracy is achievedwhen focus detectionpixel pitch
is smaller, focus detection pixels must be arranged on the image plane at least along the direction of rows and along
the direction of columns. The requirements described above are fulfilled by increasing the number of focus detection
pixels.

[0041] Accordingly, the embodiment provides an efficientimage sensor assuring superior focus detection performance
with a limited number of focus detection pixels by striking an optimal balance between imaging function-related require-
ments and focus detection function-related requirements.
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[0042] FIG. 2is aplan view of the image sensor 212. The image sensor 212 includes imaging pixels arrayed in a two-
dimensional square matrix pattern along a horizontal direction and a vertical direction perpendicular to the horizontal
direction and focus detection pixels. Namely, the imaging pixels are densely arrayed along the horizontal direction and
the vertical direction, i.e., the dense pixel array ranges along the horizontal direction and the vertical direction. In FIG.
2, a point 100 indicates the center of the photographic image plane at the image sensor 212, i.e., intersecting point at
which the optical axis of the interchangeable lens 202 intersects the photographic image plane of the full image sensor
212, a straight line 101 extends along the horizontal direction by passing through the image plane center 100 and a
straight line 102 extends along the vertical direction by passing through the image plane center 100. In addition, a straight
line 103 is drawn by rotating the straight line 101 by 45° along the counterclockwise direction around the image plane
center 100, whereas a straight line 104 is drawn by rotating the straight line 102 by 45° along the counterclockwise
direction around the image plane center 100.

[0043] The photographic image plane at the image sensor 212 is divided into four regions partitioned from one another
by the straight lines 103 and 104 extending along the radial direction from the image plane center 100. While regions
110 and 130 range respectively to the right and to the left along the horizontal direction (along the left-right direction in
the figure) relative to the point 100, regions 150 and 170 range respectively upward and downward along the vertical
direction (along the top-bottom direction in the figure) relative to the image plane center 100. In addition, ellipses 105
and 106 indicated by the dotted lines in FIG. 2 are centered at the image plane center 100. An area 107 near the image
plane center ranges over the inside of the ellipse 105 and contains the image plane center 100, a middle area 108 is
set outside the ellipse 105 and also on the inside of the ellipse 106, and an image-plane peripheral area 109 ranges
over the outside of the ellipse 106.

[0044] Itisto be noted that circles centered at the image plane center 100 or quadrangles centered at the image plane
center 100, instead of the ellipses 105 and 106, may be set.

[0045] FIG. 2 shows focus detection pixels arrayed over areas indicated by the small rectangles. These rectangular
areas constitute focus detection areas. The direction along which the longer side of the rectangle extends indicates the
direction in which focus detection pixels are disposed in each area and unfilled rectangles each indicate an area in which
focus detection pixels are arrayed in the vertical direction, whereas filled rectangle each indicates an area over which
focus detection pixels are arrayed along the horizontal direction. The length of the longer side of each rectangle indicates
the length of the corresponding focus detection area (the number of focus detection pixels disposed in the particular
arrangement) , and a smaller length is set for areas 122, 142, 162 and 182 compared to the length of the other rectangular
areas. Imaging pixels are arrayed in the area that is not taken up by the focus detection areas and in the area not
occupied by the plurality of focus detection areas, only imaging pixels are present.

[0046] In the region 110 set to the right relative to the image plane center 100 along the horizontal direction, focus
detection areas 111, 112 and 113 each constituted with focus detection pixels disposed along the vertical direction and
a focus detection area 121 constituted with focus detection pixels disposed along the horizontal direction are present in
the image plane center area 107. In addition, focus detection areas 114, 115 and 116 each constituted with focus
detection pixels disposed along the vertical direction and a focus detection area 122 constituted with focus detection
pixels disposed along the horizontal direction are present in the middle area 108 within the region 110. Focus detection
areas 117, 118 and 119 each constituted with focus detection pixels disposed along the vertical direction are present
but no focus detection area with focus detection pixels disposed along the horizontal direction is present in the peripheral
area 109 within the region 110.

[0047] In the region 130 set to the left relative to the image plane center 100 along the horizontal direction, focus
detection areas 131, 132 and 133 each constituted with focus detection pixels disposed along the vertical direction and
a focus detection area 141 constituted with focus detection pixels disposed along the horizontal direction are present in
the image plane center area 107. In addition, focus detection areas 134, 135 and 136 each constituted with focus
detection pixels disposed along the vertical direction and a focus detection area 142 constituted with focus detection
pixels disposed along the horizontal direction are present in the middle area 108 within the region 130. Focus detection
areas 137, 138 and 139 each constituted with focus detection pixels disposed along the vertical direction are present
but and no focus detection area with focus detection pixels disposed along the horizontal direction is present in the
image plane peripheral area 109 within the region 130.

[0048] Inthe region 150 set on the upper side relative to the image plane center 100 along the vertical direction, focus
detection areas 151, 152 and 153 each constituted with focus detection pixels disposed along the horizontal direction
and a focus detection area 161 constituted with focus detection pixels disposed along the vertical direction are present
in the image plane center area 107. In addition, focus detection areas 154, 155 and 156 each constituted with focus
detection pixels disposed along the horizontal direction and a focus detection area 162 constituted with focus detection
pixels disposed along the vertical direction are present in the middle area 108 within the region 150. Focus detection
areas 157, 158 and 159 each constituted with focus detection pixels disposed along the horizontal direction are present
but no focusdetection area with focus detection pixelsdisposed along the vertical direction is present in the peripheral
area 109 within the region 150.
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[0049] Inthe region 170 set on the lower side relative to the image plane center 100 along the vertical direction, focus
detection areas 171, 172 and 173 each constituted with focus detection pixels disposed along the horizontal direction
and a focus detection area 181 constituted with focus detection pixels disposed along the vertical direction are present
in the image plane center area 107. In addition, focus detection areas 174, 175 and 176 each constituted with focus
detection pixels disposed along the horizontal direction and a focus detection area 182 constituted with focus detection
pixels disposed along the vertical direction are set in the middle area 108 within the region 170. Focus detection areas
177, 178 and 179 each constituted with focus detection pixels disposed along the horizontal direction are present but
no focus detection area with focus detectionpixels disposed along the vertical direction is present in the peripheral area
109 within the region 170.

[0050] FIG. 3 provides an enlarged view of the imaging pixel array at the image sensor 212. It is to be noted that the
enlarged view in FIG. 3 shows an area where only imaging pixels are present. The imaging pixels include three different
types of pixels, i.e., green pixels 310, red pixels 311 and blue pixels 312, which are two-dimensionally disposed in a
Bayer array. As shown in FIG. 6, the imaging pixels (green pixels 310, red pixels 311 and blue pixels 312) each include
amicro-lens 10, a photoelectric conversion unit 11 and a color filter (not shown). The color filters at the individual imaging
pixels each assume one of the three colors, red (R), green (G) or blue (B) and the red, green and blue color filters assume
spectral characteristics shown in FIG. 9.

[0051] FIGS. 4 and 5 each provide an enlarged view of a focus detection pixel arrangement at the image sensor 212.
Itis to be noted that FIG. 4 is an enlarged view of one of the areas over which focus detection pixels are disposed along
the horizontal direction in FIG. 2 (one of the areas indicated by the filled rectangles). FIG. 4 shows focus detectionpixels
320 disposed successively along the horizontal direction, forming a focus detection area. The arrangement of the focus
detection pixels 320 is surrounded by imaging pixels. FIG. 5 is an enlarged view of one of the areas over which focus
detection pixels are disposed along the vertical direction inFIG. 2 (one of the areas indicated by the unfilled rectangles).
FIG. 5 shows focus detection pixels 330 disposed successively along the vertical direction, forming a focus detection
area. The arrangement of the focus detection pixels 330 is surrounded by imaging pixels.

[0052] AsshowninFIG.7,thefocusdetection pixels 320 and 330 eachinclude a micro-lens 10 and a pair of photoelectric
conversion units 12 and 13. A focus detectionpixel 330 assumes a structure achieved by rotating a focus detection pixel
320 by 90°. It is to be noted that the pair of photoelectric conversion units in the focus detection pixel may range over
smaller areas, as do the photoelectric conversion units 14 and 15 shown in FIG. 8. Focus detection pixels 340 and 350,
which may include such photoelectric conversion units 14 and 15 taking up smaller areas, are to be described in detalil
later. In order to assure a sufficient light quantity, no color filters are disposed at the focus detection pixels 320 and 330
and thus, the focus detection pixels have the spectral characteristics shown in FIG. 10, which are achieved by integrating
the spectral sensitivity of the photodiodes engaged in photoelectric conversion and the spectral characteristics of the
infrared cut filters (not shown). Namely, the spectral characteristics of the focus detection pixels 320 and 330 are similar
to the sum of the spectral characteristics of the green pixels (G), the red pixels (R) and the blue pixels (B) shown in FIG.
9, which indicate sensitivity in a light wavelength range containing the light wavelength ranges corresponding to the
sensitivity characteristics of all the pixels, i.e., the green pixels, the red pixels and the blue pixels.

[0053] The photoelectric conversion unit 11 at the imagingpixel shown in FIG. 6 is designed with a shape that allows
the entire light flux defined by a specific aperture opening diameter (e.g., F1.0) to be received via the micro-lens 10. The
pair of photoelectric conversion units 12 and 13 at the focus detection pixel shown in FIG. 7 are designed with a shape
that allows the entire light flux defined by a specific aperture opening diameter (e.g., F2.8) to be received via the micro-
lens 10. During an imaging operation (an image-capturing operation), the image data generated at the imaging pixels
are directly used. The image data at the focus detection pixel positions are interpolated by using the image data generated
at imaging pixels present in the vicinity of the focus detection pixels.

[0054] Itis to be noted that image data may be interpolated by adopting another interpolation method. For instance,
image data may be interpolated by adopting the interpolation method disclosed inUS Patent Application No. 11/702,
605 filed February 6, 2007, US Patent Application No. 11/704,198 filed February 9, 2007 or US Patent Application No.
11/704, 200 filed February 9, 2007.

[0055] InFIGS.4and5,image data are interpolated for a focus detection pixel assuming a position that would otherwise
be occupied by a blue imaging pixel by averaging the image data at the blue pixel directly to the right of (directly above)
the green pixel adjacent to the target focus detection pixel on the right side (on the upper side) and the image data at
the blue pixel directly to the left of (directly below) the green pixel adjacent to the target focus detection pixel on the left
side (on the lower side). In addition, image data are interpolated for a focus detection pixel assuming a position that
would otherwise be occupied by a green imaging pixel by averaging the image data at the four green pixels disposed
next to the target focus detection pixel along 45° diagonal directions, i.e., upper-right, lower-right, upper-left and lower-
left relative to the target focus detection pixel.

[0056] FIG. 11 shows an imaging pixel in a sectional view. The micro-lens 10 is disposed to the front of the imaging
photoelectric conversion unit 11 at the imaging pixel so that the photoelectric conversion unit 11 is projected along the
forward direction viathe micro-lens 10. The photoelectric conversion unit 11 is formed on a semiconductor circuit substrate
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29. ltis to be noted that the color filter (not shown) is disposed between the micro-lens 10 and the photoelectric conversion
unit 11.

[0057] FIG. 12 shows a focus detection pixel in a sectional view. The micro-lens 10 is disposed to the front of the
focus detection photoelectric conversion units 12 and 13 at the focus detection pixel so that the photoelectric conversion
units 12 and 13 are projected along the forward direction via the micro-lens 10. The photoelectric conversion units 12
and 13 are formed on the semiconductor circuit substrate 29.

[0058] FIG. 13 illustrates how focus detection may be executed through the split pupil method by using micro-lenses.
Reference numeral 90 indicates an exit pupil set along the frontward direction over a distance dO from the micro-lenses
disposed on the predetermined imaging plane of the interchangeable lens. The distance dO is a "rangefinding pupil
distance" determined based upon the curvature and the refractive index of the micro-lenses, the distance between the
micro-lenses and the photoelectric conversion units and the like. Reference numerals 50 and 60 each indicate a micro-
lens, whereas (52, 53) and (62, 63) each indicate a pair of photoelectric conversion units at a focus detection pixel and
(72, 73) and (82, 83) indicate focus detection light fluxes. In addition, reference numeral 92 indicates a range defined
by the photoelectric conversion units 52 and 62 projected via the micro-lenses 50 and 60 (hereafter referred to as a
rangefinding pupil) and reference numeral 93 indicates a range defined by the photoelectric conversion units 53 and 63
projected via the micro-lenses 50 and 60 (rangefinding pupil).

[0059] While FIG. 13 schematically illustrates a focus detection pixel (comprising the micro-lens 50 and a pair of
photoelectric conversion units 52 and 53) set on the optical axis and an adjacent focus detection pixel (comprising the
micro-lens 60 and a pair of photoelectric conversion units 62 and 63) ina simple representation, the light fluxes arriving
from the pair of rangefinding pupils at the micro-lens of a focus detection pixel disposed at a peripheral position away
from the optical axis are also received at the corresponding pair of photoelectric conversion units. The focus detection
pixels are disposed along the direction in which the pair of rangefinding pupils are set side by side, i.e. , the direction
along which the photoelectric conversion units in each pair are set side by side.

[0060] The micro-lenses 50 and 60 are set around the predetermined imaging plane of the optical system. The shapes
of the pair of photoelectric conversion units 52 and 53 disposed to the rear of the micro-lens 50 are projected via the
micro-lens 50 onto the exit pupil 90 set apart from the micro-lenses 50 and 60 by the projection distance d0 and the
projected shapes define range-finding pupils 92 and 93. The shapes of the pair of photoelectric conversion units 62 and
63 disposed to the rear of the micro-lens 60 are projected via the micro-lens 60 set onto the exit pupil 90 set apart by
the projection distance dO and the projected shapes define range-finding pupils 92 and 93. Namely, the projecting
direction for each pixel is determined so that the projected shapes (range-finding pupils 92 and 93) of the photoelectric
conversion units in the individual focus detection pixels are aligned on the exit pupil 90 set over the projection distance
d0. This means that the pair of rangefinding pupils 92 and 93 and the pair of photoelectric conversion units (52, 53) have
a conjugate relationship to each other via the micro-lens 50 and that the pair of rangefinding pupils 92 and 93 and the
pair of photoelectric conversion units (62, 63) have a conjugate relationship to each other via the micro-lens 60.
[0061] The photoelectric conversion unit 52 outputs a signal corresponding to the intensity of an image formed on the
micro-lens 50 with the focus detection light flux 72 having passed through the range-finding pupil 92 toward the micro-
lens 50. The photoelectric conversion unit 53 outputs a signal corresponding to the intensity of an image formed on the
micro-lens 50 with the focus detection light flux 73 having passed through the range-f inding pupil 93 toward the micro-
lens 50. The photoelectric conversion unit 62 outputs a signal corresponding to the intensity of an image formed on the
micro-lens 60 with a focus detection light flux 82 having passed through the range-finding pupil 92 and having advanced
toward the micro-lens 60. The photoelectric conversion unit 63 outputs a signal corresponding to the intensity of an
image formed on the micro-lens 60 with the focus detection light flux 83 having passed through the range-finding pupil
93 toward the micro-lens 60.

[0062] A plurality of focus detection pixels each structured as described above are arranged in a straight line and the
outputs from the pairs of photoelectric conversion units at the individual pixels are integrated into output groups each
corresponding to one of the two range-finding pupils 92 and 93. Thus, information related to the intensity distribution of
the pair ofimages formed on the focus detection pixel arrangement with the individual focus detection light fluxes passing
through the range-finding pupil 92 and the range-finding pupil 93 is obtained. Next, image shift detection calculation
processing (correlation processing, phase difference detection processing) to be detailed later is executed by using the
information thus obtained so as to detect the extent of image shifting (misalignment) manifested by the pair of images
through the split-pupil phase difference detection method. Namely, through conversion calculation executed on the
image shift quantity (image misalignment quantity) in correspondence to the distance between the gravitational centers
of the pair of rangefinding pupils, the extent of the deviation (defocus amount) of the current image forming plane (the
image forming plane on which the image is formed at the focus detection position corresponding to a specific micro-lens
array position on the predetermined imaging plane) relative to the predetermined imaging plane is calculated.

[0063] Itis to be noted that while the explanation is provided above by assuming that the rangefinding pupils are not
restricted (no vignetting or not eclipsed) by an opening restricting element (the aperture opening, the lens exterior contour,
the hood or the like) of the interchangeable lens, the photoelectric conversion units at the focus detection pixels will
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receive light fluxes having passed through restricted rangefinding pupils as the focus detection light fluxes if the range-
finding pupils are restricted by an opening restricting element of the interchangeable lens.

[0064] FIG. 14 illustrates how a rangefinding pupil may have vignetting over a focus detection area away from the
image plane center. As shown in FIG. 14, when the focus detection area assumes a position S in the periphery of the
image plane set at the predetermined focal plane PO, the rangefinding pupils 92 and 93 do not have vignetting because
of an aperture opening 97 at the exit pupil 90, but an opening restricting element 98 (an aperture stop, a lens edge or
the like) present at a plane 99 further away from the exit pupil 90 causes vignetting (an eclipse) at the rangefinding pupil
92. The opening of the restricting element 98 is offset relative to the rangefinding pupils 92 and 93 along the direction
in which the image plane center is connected with the focus detection position S by an extent corresponding to the
distance between the image plane center and the focus detection position S.

[0065] FIG. 15 illustrates the relationship between imaging pixels and the exit pupil. It is to be noted that the following
explanation is provided by using the same reference numerals assigned to elements similar to those shown in FIG. 13.
Reference numeral 70 indicates a micro-lens, reference numeral 71 indicates the photoelectric conversion unit of an
imaging pixel and reference numeral 81 indicates an imaging light flux. In addition, reference numeral 94 indicates an
areadefined by the photoelectric conversion unit 71 projected via the micro-lens 70. While FIG. 15 schematically illustrates
the imaging pixel (comprising the micro-lens 70 and the photoelectric conversion unit 71) set on the optical axis, the
photoelectric conversion units at other imaging pixels, too, receive the light flux arriving at the corresponding micro-
lenses from the area 94.

[0066] The micro-lens 70 is disposed around the predetermined imaging plane of the optical system and the shape
of the photoelectric conversion unit 71 disposed to the rear of the micro-lens 70 is projected via the micro-lens 70 onto
the exit pupil 90 set apart from the micro-lens 70 by the projection distance dO with the projected shape defining the
area 94. The photoelectric conversion unit 71 outputs a signal corresponding to the intensity of the image formed on the
micro-lens 70 with the imaging light flux 81 having passed through the area 94 toward the micro-lens 70. By disposing
numerous such imaging pixels in a two-dimensional array, image information is obtained via the photoelectric conver-
sionunits at the individual pixels.

[0067] FIGS. 16 and 17 each present a front view of the rangefinding pupils at the exit pupil plane, illustrating how
vignetting (an eclipse) may occur at a rangefinding pupil when the focus detection area assumes the position S within
either of the regions 110 and 130 separated from each other along the horizontal direction to range on the two sides of
the image plane center, as shown in FIG. 2. The circle circumscribing rangefinding pupils 922 and 933 formed by
projecting a pair of photoelectric conversion units at a focus detection pixel 320 onto the exit pupil 90 via the micro-lens
defines a specific aperture F value in case of viewing from an image forming plane (hereafter referred to as a rangefinding
pupil F value, equivalent to F 2.8 in this example) in FIG. 16. An area 901 indicated by the dotted line corresponds to
an aperture value (e.g. F2) greater than the aperture value F 2. 8, and contains therein the rangefinding pupils 922 and
933. The distance between gravitational centers 952 and 953 of light fluxes (focus detection light fluxes) passing through
the rangefinding pupils 922 and 933 measured along the direction in which the rangefinding pupils 922 and 933 are set
side by side (the left/right direction in the figure), is G1.

[0068] If a focus detection light flux has vignetting as shown in FIG. 14, the opening of the opening restricting element
becomes offset relative to the rangefinding pupil along the horizontal direction to overlap the rangefinding pupil (an area
903 is part of the opening restriction). In this state, the rangefinding pupil 922 has vignetting by the area 903 and a
gravitational center 972 of a light flux (focus detection light flux) passing through the rangefinding pupil 922 restricted
by the area 903 is offset further toward the center than the gravitational center 952 of the light flux without vignetting.
The rangefinding pupil 933, on the other hand, has no vignetting by the area 903 and thus, the position of the gravitational
center 953 of the light flux (focus detection light flux) passing through the rangefinding pupil 933 remains unchanged.
As a result, the distance between the rangefinding pupil gravitational centers 972 and 953 is narrower at G1’, compared
to the gravitational center distance G1 in no vignetting state.

[0069] In addition, the vignetting disrupts the ratio of the areas of the rangefinding pupils and ultimately, the ratio of
the intensity levels of the pair of images formed via the pair of rangefinding pupils becomes unstable. In other words,
since the match of intensity levels (uniformity) is no longer assured, the focus detection accuracy is compromised and
if the extent of vignetting is significant, the focus detection may be even disabled. Generally speaking, the extent of
vignetting increases in proportion to the distance between the image plane center and the focus detection area.
[0070] The circle circumscribing the rangefinding pupils 822 and 833 formed by projecting the pair of photoelectric
conversion units at a focus detection pixel 330 onto the exit pupil 90 via the micro-lens defines a specific aperture F
value in case of viewing from an image forming plane (hereafter referred to as a rangefinding pupil F value, equivalent
to F 2.8 in this example) in FIG. 17. An area 901 indicated by the dotted line corresponds to an aperture value (e.g. F2)
greater than the aperture value F 2.8, and contains therein the rangefinding pupils 822 and 833. The distance between
gravitational centers 852 and 853 of light fluxes (focus detection light fluxes) passing through the rangefinding pupils
822 and 833 measured along the direction in which the rangefindingpupils 822 and833 are set side by side (the up/down
direction in the figure), is G2 (= G1). If a focus detection light flux has vignetting as shown in FIG. 14, the opening of the
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opening restricting element becomes offset relative to the rangefinding pupil along the horizontal direction to overlap
the rangefinding pupil (an area 903 is part of the opening restriction).

[0071] While the edges of the rangefinding pupils 822 and 833 on the right side are vignetted (eclipsed) by the area
903 in this state, vignetting occurs symmetrically for the rangefinding pupils 822 and 833 and thus, the presence of the
area 903 hardly changes the gravitational center positions 852 and 853 of the rangefinding pupils 822 and 833. Conse-
quently, the distance G2 between the gravitational centers 852 and 853 of the light fluxes (focus detection light fluxes)
passing through the rangefinding pupils 822 and 833, too, remains unchanged. In addition, even in the event of vignetting,
the areas of the pair of rangefinding pupils remain equal to each other and thus, the match (uniformity) between the pair
of images formed via the pair of rangefinding pupils is sustained to maintain the focus detection accuracy.

[0072] As explained above, in the regions 110 and 130 separated from each other along the horizontal direction on
the two sides of the image plane center 100 in FIG. 2, the desired focus detection performance can be maintained more
easily in a focus detection area with focus detection pixels 330 disposed along the vertical direction rather than in a
focus detection area formed by disposing focus detection pixels 320 along the horizontal direction. In the regions 150
and 170 separated from each other along the vertical direction on the two sides of the image plane center 100 in FIG.
2, on the other hand, the desired focus detection performance can be maintained more easily in a focus detection area
with focus detection pixels 320 disposed along the horizontal direction rather than in a focus detection area formed by
disposing focus detection pixels 330 along the vertical direction.

[0073] Next, the structure of the image sensor 212 shown in FIG. 2 and, inparticular, specifically how the focus detection
areas are set at the image sensor 212, are explained. By setting a plurality of focus detection areas each constituted
with focus detection pixels 320 disposed along the horizontal direction and a plurality of focus detection areas each
constituted with focus detection pixels 330 disposed along the vertical direction in each of the regions 110, 130, 150
and 170, the focus detection target canbe captured at positions as much as possible on the image plane and, at the
same time, any reduction in the focus detection performance attributable to image contrast directionality can be prevented.
[0074] In addition, in the image plane center area 107 where the focus detection target is highly likely to be present,
the focus detection pixels 320 and the focus detection pixels 330 or focus detection areas each constituted with the
focus detection pixels 320 arrayed along the horizontal direction and focus detection areas each constituted withfocus-
detection pixels 330 arrayed along the vertical direction are disposed at higher density per unit area compared to the
density of focus detection pixels or the focus detection areas in the middle area 108 and the peripheral area 109, so as
to distribute the focus detection pixels 320 and the focus detection pixels 330 for maximum focus detection performance
and maximum efficiency while keeping down the number of focus detection pixels.

[0075] In the regions 110 and 130 separated from each other along the horizontal direction on the two sides of the
image plane center, focus detection pixels 330 are disposed in a greater number than focus detection pixels 320, whereas
in the regions 150 and 170 separated from each other along the vertical direction on the two sides of the image plane
center, focus detection pixels 320 are disposed in a greater number than focus detection pixels 330, so as to distribute
the focus detection pixels 320 and the focus detection pixels 330 for maximum focus detection performance and maximum
efficiency while keeping down the number of focus detection pixels by maintaining the required level of focus detection
performance even in the event of vignetting.

[0076] In the regions 110 and 130 separated from each other along the horizontal direction on the two sides of the
image plane center, focus detection areas each formed by arraying focus detection pixels 330 along the vertical direction
are disposed in a greater number than focus detection areas each formed by arraying focus detection pixels 320 along
the horizontal direction, whereas in the regions 150 and 170 separated from each other along the vertical direction on
the two sides of the image plane center, focus detection areas each formed by arraying focus detection pixels 320 along
the horizontal direction are disposed in a greater number than focus detection areas each formed by arraying focus
detection pixels 330 along the vertical direction, so as to distribute the focus detection pixels 320 and the focus detection
pixels 330 for maximum focus detection performance and maximum efficiency while keeping down the number of focus
detection pixels by maintaining the required level of focus detection performance even in the event of vignetting.
[0077] Inthe area around the image plane center, manifestation of vignetting does not greatly affect the focus detection
performance whereas an area further away from the image plane center is more affected by vignetting. Accordingly, in
the regions 110 and 130 to the left and the right of the image plane center along the horizontal direction, fewer focus
detection pixels 320 and fewer focus detection areas each formed by arraying focus detection pixels 320 along the
horizontal direction are disposed with their density per unit area lowered as the distance from the image plane center
increases. In addition, the relative ratios to the number of focus detection pixels 330 and the number of focus detection
areas each formed by arraying focus detection pixels 330 along the vertical direction as well as the relative ratio to the
density of the focus detection pixels 330, is reduced as the distance from the image plane center increases.

[0078] In the regions 150 and 170 to the upper side and the lower side of the image plane center along the vertical
direction, fewer focus detection pixels 330 and fewer focus detection areas each formed by arraying focus detection
pixels 330 along the vertical direction are disposed with their density per unit area lowered as the distance from the
image plane center increases. In addition, the relative ratios to the number of focus detection pixels 320 and the number
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of focus detection areas each formed by arraying focus detection pixels 320 along the horizontal direction, as well as
the relative ratio to the density of the focus detection pixels 320 is reduced as the distance from the image plane center
increases. As a result, the focus detection pixels 320 and the focus detection pixels 330 are distributed so as to assure
maximum focus detection performance and maximum efficiency while keeping down the number of focus detection
pixels by maintaining the required level of focus detection performance even in the event of vignetting.

[0079] Only focus detection areas each formed by arraying focus detection pixels 330 along the vertical direction, at
which the focus detection performance is not readily affected by vignetting, are disposed over peripheral areas within
the regions 110 and 130 set to the left and to the right along the horizontal direction relative to the image plane center.
Only focus detection areas each formed by arraying focus detection pixels 320 along the horizontal direction, at which
the focus detection performance is not readily affected by vignetting, are disposed over peripheral areas within the
regions 150 and 170 set on the upper side and on the lower side along the vertical direction relative to the image plane
center. As aresult, in the peripheral areas ranging along the horizontal direction to contain a plurality of focus detection
areas, focus detection areas each formed by arraying focus detection pixels 330 along the vertical direction alone are
disposed, whereas in the peripheral areas ranging along the vertical direction, focus detection areas each formed by
arraying focus detection pixels 320 along the horizontal direction alone are disposed. Thus, the focus detection pixels
320 and the focus detection pixels 330 are distributed so as to assure maximum focus detectionperformance and
maximum efficiency while keeping down the number of focus detection pixels by maintaining the required level of focus
detection performance even in the event of vignetting.

[0080] FIG. 18 presents a flowchart of the operation executed in the digital still camera (imaging device) shown in
FIG. 1. The body drive control device 214 starts an imaging operation as the power to the camera is turned on in step
100. In step 110, aperture control information indicating a photographic aperture value automatically determined based
upon the photographic field brightness measured via a photometering device (hot shown) or a photographic aperture
value manually set by the photographer via an operation member (not shown) is transmitted to the lens drive control
device 206, the aperture opening diameter is setin correspondence to the photographic aperture value and data generated
at the imaging pixels, read through a culled read in correspondence to the aperture opening diameter, are brought up
on display at the electronic viewfinder.

[0081] In step 120, data are read out from a focus detection pixel row (i.e. a focus detection pixel string or a focus
detection pixel group) with the aperture opening diameter set in correspondence to the photographic aperture value. In
the following step 130, image shift detection calculation processing (correlation calculation processing) to be detailed
later is executed based upon the pair of sets of image data corresponding to the particular focus detection pixel row to
calculate an image shift quantity and ultimately calculate the defocus amount. It is to be noted that the photographer
selects the focus detection area to be used in the focus detection. In step 140, a decision is made as to whether or not
the current condition is close to a focus match state, i . e ., whether or not the absolute value of the defocus amount
having been calculated is equal to or less than a predetermined value. If it is decided that the current condition is not
close to the focus match state, the operation proceeds to step 150 to transmit the calculated defocus amount to the lens
drive control device 206 which then drives the focusing lens at the interchangeable lens to the focus match position.
Then, the operation returns to step 110 to repeatedly execute the operation described above. It is to be noted that the
operation also branches to this step if focus detection is not possible to transmit a scan drive instruction to the lens drive
control device 206. In response, the lens drive control device drives the focusing lens at the interchangeable lens to
scan between the infinity position and the close-up position. Subsequently, the operation returns to step 110 to repeatedly
execute the operation described above.

[0082] If, on the other hand, it is decided in step 140 that the current condition is close to the focus match state, the
operation proceeds to step 160 to make a decision as to whether or not a shutter release has occurred in response to
an operation of the shutter release button (not shown). If it is decided that a shutter release has not yet occurred, the
operation returns to step 110 to repeatedly execute the operation described above. If it is decided that a shutter release
has occurred, the operation proceeds to step 170 to transmit the aperture control information to the lens drive control
device 206 and thus set the aperture at the interchangeable lens to the photographic aperture value. As the aperture
control ends, the image sensor is engaged in an imaging operation and image data originating from the imaging pixels
and all the focus detection pixels at the image sensor 212 are read out. In step 180, image data at positions assumed
by the individual pixels in the focus detection pixel row are interpolated based upon the data at surrounding imaging
pixels. In step 190, image data constituted with the data at the imaging pixels 310 and the interpolated data are saved
into the memory card, and then the operation returns to step 110 to repeatedly execute the operation described above.
[0083] The image shift detection calculation processing (correlation calculation processing) executed in step 130 in
FIG. 18 is now explained in detail. High-frequency cut filter processing such as that expressed in (1) below is executed
on a pair of data strings (a; ~ oy, and [3; ~ By: M indicates the number of sets of data) output from the focus detection
pixel row, so as to generate a first data string and a second data string (A; ~ AN and B; ~ By), from which a noise
component or a high-frequency component that would adversely affect the correlationprocessing has been eliminated.
a, ~ day, correspond to the image data of the image formed with the focus detection light fluxes passing through the
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rangefinding pupil 92 and 3; ~ By correspond to the image data of the image formed with the focus detection light fluxes
passing through the rangefinding pupil 93 in FIG. 13. It is to be noted that the high-frequency cut filter processing may
be skipped if the arithmetic operation needs to be completed faster or if the extent of defocusing is already significant
and thus it is obvious that only a very small high-frequency component is present.

Ap=0y + 2X0n41 + Qnio,

Bu=Bn + 2XBns1 + PFnsz withn =1~ N -+ (1)

[0084] A correlation quantity C (K) is calculated by executing a correlation calculation expressed in (2) on the data
strings An and B, calculated as expressed in (1).

C(k)=Z|An - Bnu| ***(2)

In expression (2), the E operation is cumulatively executed with regard to n and the range assumed for n is limited to
the range over which the data An and B, exist in correspondence to a shift quantity k. In addition, the shift quantity k
is an integer which represents a relative shift quantity assuming a value taken in units matching the data interval (pixel
pitch) with which the data in the data strings are sampled. The results of the arithmetic operation executed as expressed
in (2) may indicate that the correlation quantity C(k) assumes the smallest value (the smaller the value, the higher the
correlation level) at the shift quantity at which the pair of sets of data achieve a high level of correlation (when k = kj =
2in FIG. 19A).

[0085] Next, the shift quantity x, which gives the smallest value C(x) in the continuous correlation quantity graph, is
determined by adopting a three-point interpolation method expressed in (3) ~ (6) below.

x=kj+D/SLOP *++ (3),

C(x)= C(kj)-|D] - (a),

D={C(kj-1)-C(kj+1)}/2 -+ (5),

SLOP=MAX{C (kj+1) -C(kj) ,C(kj-1)-C(kj)} ***(6)

[0086] The judgment as to whether or not the shift quantity x calculated as expressed in (3) is reliable is made as
follows. As shown in FIG. 19B, the interpolated minimal value C (x) of the correlation quantity increases when the level
of correlation between the pair of sets of data is low. Accordingly, if C (x) is equal to or greater than a predetermined
threshold value, the shift quantity is judged to be less reliable and the calculated shift quantity x is canceled. Alternatively,
C(x) may be standardized with regard to the data contrast, and in such a case, if the value obtained by dividing C (x) by
SLOP indicating a value in proportion to the contrast is equal to or greater than a predetermined value, the calculated
shift quantity should be judged to be not reliable and accordingly, the calculated shift quantity x should be canceled. As
a further alternative, if SLOP indicating the value in proportion to the contrast is equal to or less than a predetermined
value, the subject should be judged to be a low-contrast subject, the reliability of the calculated shift quantity should be
judged to be low and accordingly, the calculated shift quantityxshouldbe canceled. If the level of correlation between
the pair of sets of data is low and the correlation quantity C (x) does not dip at all over the shift range kmin to kmax, as
shown in FIG. 19C, the minimal value C(x) cannot be determined. In this case, it is decided that focus detection cannot

13



10

15

20

25

30

35

40

45

50

55

EP 1 936 955 A2

be executed.

[0087] If the calculated shift quantity x is judged to be reliable, the defocus amount DEF indicating the extent of
defocusing of the subject image plane relative to the predetermined imaging plane can be calculated as expressed in
(7) below.

DEF=KX*PY*'x *** (7)

PY in expression (7) represents the detection pitch (the pitch at which the focus detection pixels are disposed), whereas
KX in expression (7) represents the conversion coefficient that is determined in correspondence to the opening angle
formed by the gravitational centers of the light fluxes passing through the pair of rangefinding pupils.

[0088] Itis to be noted that while an explanation is given above on an example in which a specific focus detection
area is selected in advance from the plurality of focus detection areas, focus detection may instead be executed simul-
taneously in a plurality of focus detection areas and, in such a case, based upon the plurality of sets of focus detection
results obtained through calculation, the ultimate focus detection results may be obtained by using a specific algorithm
(e.g. , averaging processing).

(Examples of variations of the embodiment of the present invention)
-Variation 1-

[0089] FIGS. 20 and 21 each provide an enlarged view of a focus detection pixel arrangement at an image sensor
212A achieved in a variation. While the focus detection pixels at the image sensor 212 in the embodiment shown in
FIGS. 4 and 5 each include a pair of photoelectric conversion units corresponding to the pair of rangefinding pupils, a
given focus detection pixel includes a single photoelectric conversion unit corresponding to one of the rangefinding pupils
in the rangefinding pupil pair and an adjacent focus detection pixel includes a photoelectric conversion unit corresponding
to the other rangefinding pupil in the rangefinding pupil pair at the image sensor 212A in the variation. Namely, the focus
detection areas are each formed by arraying paired-up focus detection pixels. FIGS. 20 and 21 each show an area
formed by disposing focus detection pixels as described above in an enlarged view.

[0090] The focus detection area shown in FIG. 20 corresponds to an area in FIG. 2 where focus detection pixels are
disposed along the horizontal direction (an area indicated by a filled rectangle), whereas the focus detection area shown
in FIG. 21 corresponds to an area in FIG. 2 where focus detection pixels are disposed along the vertical direction (an
area indicated by an unfilled rectangle). The focus detection area in FIG. 20 is formed by successively arraying focus
detection pixel pairs, each constituted of a focus detection pixel 321 and a focus detection pixel 322, along the horizontal
direction. The arrangement constituted with the focus detection pixels 321 and 322 is surrounded by imaging pixels.
The focus detection area in FIG. 21 is formed by successively arraying focus detection pixel pairs, each constituted of
a focus detection pixel 331 and a focus detection pixel 332, along the vertical direction. The arrangement constituted
with the focus detection pixels 331 and 332 is surrounded by imaging pixels. Since focus detection pixels each equipped
with a single photoelectric conversion unit are allowed to assume a circuit structure identical to the circuit structure of
the imaging pixels, the overall circuit of the image sensor can be simplified.

-Variation 2-

[0091] Some of the focus detection pixels 320 and 330 at the image sensor shown in FIG. 2 may be replaced with
focus detection pixels 340 and 350 structured as shown in FIG. 8. The structure shown in FIG. FIG. 8, adopted in the
focus detection pixels 340 and 350, is similar to that of the focus detection pixels shown in FIG. 7 except that the pair
of photoelectric conversion units 14 and 15 in FIG. 8 are smaller than the photoelectric conversion units 12 and 13.
Afocusdetectionpixel 350 assumes a structure achieved by rotating a focus detection pixel 340 by 90°.

[0092] FIG. 22is a front view of the rangefinding pupils at the exit pupil with regard to a focus detection pixel assuming
the structure shown in FIG. 8, illustrating how vignetting may occur at a rangefinding pupil when the focus detection
pixel 340 assumes a position set apart from the image plane center in FIG. 2 along the horizontal direction. The circle
circumscribing the rangefinding pupils 722 and 723 formed by projecting the pair of photoelectric conversion units at a
focus detection pixel 340 onto the exit pupil 90 via the micro-lens defines a specific aperture F value in case of viewing
from an image forming plane (the rangefinding pupil F value, equivalent to F 5.6 in this example) in the figure. An area
901 indicated by the dotted line corresponds to an aperture value (e.g. F2) greater than the aperture value F 2.8, and
contains therein the rangefinding pupils 722 and 723. The distance between gravitational centers 752 and 753 of light
fluxes (focus detection light fluxes) passing through the rangefinding pupils 722 and 723 measured along the direction
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in which the rangefinding pupils 722 and 723 are set side by side (the left/right direction in the figure), is G3.

[0093] If a focus detection light flux has vignetting as shown in FIG. 14, the opening of the opening restricting element
becomes offset relative to the rangefinding pupil along the horizontal direction to overlap the rangefinding pupil (an area
903 is part of the opening restriction). Even in this state, the rangefinding pupils 722 and 723, which are fairly small in
size, are not readily influenced by vignetting with the area 903, which makes it easier to sustain the desired level of focus
detection performance in the middle area 108 in FIG. 2. Accordingly, a high level of focus detection performance over
the middle area can be assured by forming the focus detection areas 122 and 142 with focus detection pixels 340 and
focus detection areas 162 and 182 with focus detection pixels 350 in FIG. 2.

[0094] FIG. 32 is a plan view of an image sensor 212C achieved by adopting this variation. The longer side of a
rectangle indicates the direction along which focus detection pixels are disposed, with a filled rectangle indicating a focus
detection area formed by using focus detection pixels 320 shown in FIGS. 4 and 7 and an unfilled rectangle indicating
a focus detection area formed by using focus detection pixels 340 shown in FIG. 8 assuming a smaller size than the
focus detection pixels 320 in FIG. 4.

[0095] Inthe area 107 near the image plane center on the inside of an ellipse 105 containing the image plane center
100 within the region 110 ranging along the direction in which focus detection pixels are disposed in the variation shown
in FIG. 32, only focus detection areas each indicated by a filled rectangle and constituted with focus detection pixels
320 are disposed. In the middle area 108 outside of the ellipse 105 and inside the ellipse 106, a focus detection area
indicated by a filled rectangle and constituted with focus detection pixels 320 is disposed at a position closer to the image
plane center but focus detection pixels each indicated by an unfilled rectangle and constituted with focus detection pixels
340 are disposed further away from the center. In the peripheral area 109 of the image plane outside the ellipse 106,
focus detection areas each indicated by an unfilled rectangle and constituted with focus detection pixels 340 alone are
disposed.

[0096] As described above, focus detection pixels with the photoelectric conversion units thereof assuming a smaller
size are disposed further away from the image plane center along the direction in which the focus detection pixels are
arrayed, so as to minimize the extent to which the focus detection accuracy is compromised due to vignetting. A similar
principle applies in the region 130 ranging along the direction in which the focus detection pixels are arrayed. It is to be
noted that, as explained earlier, in the regions 150 and 170 ranging along the direction perpendicular to the focus
detection pixel arraying direction, the focus detection accuracy is not affected by manifestation of vignetting even if focus
detection areas each indicated by a filled rectangle and constituted with focus detection pixels 320 equipped with regular-
size photoelectric conversion units are disposed at positions further away from the image plane center (refer to the
explanation provided earlier). For this reason, regular focus detection pixels 320 are disposed over the entire regions
150 and 170.

-Variation 3-

[0097] FIG. 23 is a plan view of an image sensor 212B achieved in a variation. At the image sensor 212 in FIG. 2,
focus detection areas each formed by arraying focus detection pixels along the horizontal direction and focus detection
areas each formed by arraying focus detection pixels along the vertical direction are set at separate positions. At the
image sensor 212B achieved in the variation shown in FIG. 23, a focus detection area formed by arraying focus detection
pixels along the horizontal direction and a focus detection area formed by arraying focus detection pixels along the
vertical direction are set at a given position so as to intersect each other. The following explanation focuses on the
difference from the structure in FIG. 2 and does not cover structural elements similar to those shown in FIG. 2.

[0098] In the region 110 located to the right relative to the image plane center 100 along the horizontal direction, a
focus detection area 125 formed by arraying focus detection pixels along the vertical direction and a focus detection
area 123 formed by arraying focus detection pixels along the horizontal direction are set so as to intersect each other
in the image plane center area 107. In addition, a focus detection area 126 formed by arraying focus detection pixels
along the vertical direction and a focus detection area 124 formed by arraying focus detectionpixels along the horizontal
direction are set so as to intersect each other in the middle area 108. In the region 130 located to the left relative to the
image plane center 100 along the horizontal direction, a focus detection area 145 formed by arraying focus detection
pixels along the vertical direction and a focus detection area 143 formed by arraying focus detectionpixels along the
horizontal direction are set so as to intersect each other in the image plane center area 107. Whereas a focus detection
area 146 formed by arraying focus detection pixels along the vertical direction and a focus detection area 144 formed
by arraying focus detection pixels along the horizontal direction are set so as to intersect each otherin the middle area 108.
[0099] In the region 150 located on the upper side relative to the image plane center 100 along the vertical direction,
a focus detection area 163 formed by arraying focus detection pixels along the vertical direction and a focus detection
area 165 formed by arraying focus detection pixels along the horizontal direction are set so as to intersect each other
in the image plane center area 108, whereas a focus detection area 164 formed by arraying focus detection pixels along
the vertical direction and a focus detection area 166 formed by arraying focus detectionpixels along the horizontal
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direction are set so as to intersect each other in the middle area 108. In the region 170 located on the lower side relative
to the image plane center 100 along the vertical direction, a focus detection area 183 formed by arraying focus detection
pixels along the vertical direction and a focus detection area 185 formed by arraying focus detection pixels along the
horizontal direction are set so as to intersect each other in the image plane center area 107, whereas a focus detection
area 184 formed by arraying focus detectionpixels along the vertical direction and a focus detection area 186 formed
by arraying focus detection pixels along the horizontal direction are set so as to intersect each other in the vicinity of the
middle area 108.

[0100] FIG. 24 provides an enlarged view of an area over which the focus detection area 123 and a focus detection
area 125 intersect each other, as shown in FIG. 23. The focus detection area 123 is formed by arraying focus detection
pixels 320, whereas the focus detection area 125 is formed by arraying focus detection pixels 330. It is to be noted that
a focus detection pixel 330 is disposed at the intersecting position. The arrangement constituted with the focus detection
pixels 320 and the focus detectionpixels 330 is surrounded by imaging pixels. It is to be noted that similar structural
arrangements are assumed in the area over which the focus detection area 124 and the focus detection area 126
intersect, the area over which the focus detection area 143 and the focus detection area 145 intersect and the area over
which the focus detection area 144 and the focus detection area 146 intersect.

[0101] In addition, while similar structural arrangements are assumed in the area over which the focus detection area
163 and the focus detection area 165 intersect, the area over which the focus detection area 164 and a focus detection
area 166 intersect, the area over which the focus detection area 183 and the focus detection area 185 intersect and the
area over which the focus detection area 184 and the focus detection area 184, a focus detection pixels 320 is disposed
at the intersecting position in each of these areas.

[0102] The structure described above enables focus detection to be executed along the horizontal direction and the
vertical direction at a single position assumed on the image plane by distributing focus detection pixels 320 and focus
detection pixels 330 for maximum focus detection performance and maximum efficiency while keeping down the number
of focus detection pixels.

[0103] The structure of the image sensor 212B in FIG. 23 and, in particular, the positional arrangement of the focus
detection areas characterizing the image sensor, is explained. The regions 110 and 130 each contain a plurality of focus
detection areas each formed by intersecting a focus detection area constituted with focus detection pixels 320 disposed
along the horizontal direction and a focus detection are a constituted with focus detection pixels 330 disposed along the
vertical direction, as well as a plurality of focus detection areas each formed by simply arraying focus detection pixels
330 along the vertical direction. In addition the regions 150 and 170 each contain a plurality of focus detection areas
each formed by intersecting a focus detection area constituted with focus detection pixels 320 disposed along the
horizontal direction and a focus detection area constituted with focus detection pixels 330 disposed along the vertical
direction, as well as a plurality of focus detection areas each formed by simply arraying focus detection pixels 320 along
the horizontal direction. This positional arrangement makes it possible to capture the focus detection target at as many
positions on the image plane as possible and, at the same time, since the image contrast can be detected both along
the horizontal direction and the vertical direction at a given position at which intersecting focus detection areas meet,
the focus detection performance improves.

[0104] In addition, in the image plane center area 107 where the focus detection target is likely to be present, only
focus detection areas each formed by intersecting a focus detection area constituted with focus detection pixels 320
disposed along the horizontal direction and a focus detection area constituted with focus detection pixels 330 disposed
along the vertical direction, with intersect each other, are set. As a result, the focus detection performance over the
image plane center area is improved.

[0105] Overthe middle area 108, which is more readily affected by manifestation of vignetting, focus detection areas,
each formed by intersecting a focus detection area constituted of the focus detection pixels 320 disposed along the
horizontal direction and a focus detection area constituted of the focus detection pixels 330 disposed along the vertical
direction with each other and focus detection areas each constituted with a single focus detection area and less readily
affected by vignetting (focus detection areas each formed by disposing focus detection pixels 330 along the vertical
direction are set in the regions 110 and 130, whereas focus detection areas each formed by disposing focus detection
pixels 320 along the horizontal direction are set in the regions 150 and 170) are set so as to sustain the desired level of
focus detection performance.

[0106] Over the peripheral area 109 greatly affected by vignetting, only focus detection areas, each constituted with
a single focus detection area less readily affected by vignetting (focus detection areas each constituted by disposing
focus detection pixels 330 along the vertical direction are set in the regions 110 and 130, whereas focus detection areas
each formed by disposing focus detection pixels 320 along the horizontal direction are set in the regions 150 and 170)
are set so as to sustain the desired level of focus detection performance.

[0107] Over the regions 110 and 130 separated from each other along the horizontal direction on the two sides of the
image plane center, focus detection pixels 330 are disposed in a greater number than focus detection pixels 320, whereas
over the regions 150 and 170 separated from each other along the vertical direction on the two sides of the image plane
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center, focus detection pixels 320 are disposed in a greater number than focus detection pixels 330, so as to distribute
the focus detection pixels 320 and the focus detection pixels 330 for the maximum focus detection performance including
a satisfactory level of performance in the event of vignetting and the maximum efficiency, while keeping down the overall
number of focus detection pixels.

[0108] Over the regions 110 and 130 separated from each other along the horizontal direction on the two sides of the
image plane center, focus detection areas each formed by disposing focus detection pixels 330 along the vertical direction
are set in a greater number than focus detection areas each formed by disposing focus detection pixels 320 along the
horizontal direction, whereas focus detection areas each formed by disposing focus detection pixels 320 along the
horizontal direction are set in a greater number than focus detection areas each formed by disposing focus detection
pixels 330 along the vertical direction over the regions 150 and 170 separated from each other along the vertical direction
relative to the image plane center, so as to distribute the focus detection pixels 320 and the focus detection pixels 330
for maximum focus detection performance including a satisfactory level of performance in the event of vignetting and
maximum efficiency while keeping down the overall number of focus detection pixels.

[0109] Inthe areaaround the image plane center, manifestation of vignetting does not greatly affect the focus detection
performance whereas an area further away from the image plane center is more affected by vignetting. Accordingly, in
the regions 110 and 130 located to the left and the right along the horizontal direction relative to the image plane center,
focus detection areas each formed by disposing along the horizontal direction focus detection pixels 320 more likely to
be affected by vignetting are paired up (made to intersect) with focus detection areas each formed by disposing focus
detection pixels 330 less likely to be affected by vignetting along the vertical direction. Also, in the regions 150 and 170
located on the upper side and the lower side along the vertical direction relative to the image plane center, focus detection
areas each formed by disposing along the vertical direction focus detectionpixels 330 more likely to be affected by
vignetting are paired up (made to intersect) with focus detection areas each formed by disposing focus detectionpixels
320less likely to be affected by vignetting along the horizontal direction. Consequently, the desired level of focus detection
performance is maintained while minimizing the overall number of focus detection pixels.

-Variation 4-

[0110] FIG. 25 presents an example achieved by replacing the arrangement of the focus detection pixels 320 in FIG.
24 with an arrangement of the focus detection pixels 340 shown in FIG. 8, which are not as readily affected by vignetting
as the focus detection pixels 320. In addition, FIG. 26 presents an example achieved by replacing the arrangement of
focusdetectionpixels 320 and the arrangement of the focus detection pixels 330 in FIG. 24 respectively with an arrange-
ment made up with focus detection pixel pairs each constituted of a focus detection pixel 321 and a focus detection pixel
322 each equipped with a single photoelectric conversion unit and with an arrangement made up with focus detection
pixel pairs each constituted of a focus detection pixel 331 and a focus detection pixel 332 each equipped with a single
photoelectric conversion unit.

-Other variations-

[0111] While the imaging pixels in the image sensors shown in FIGS. 2 and 23 are equipped with color filters assuming
a Bayer array, the color filters adopting a structure or an arrangement other than those shown in the figures may be
used in conjunction with the present invention. For instance, an image sensor that includes complementary color filters,
i.e., G (green) filters, Ye (yellow) filters, Mg (magenta) filters and Cy (cyan) filters, may be used.

[0112] While the focus detection pixels in the image sensors shown in FIGS. 2 and 23 are not equipped with color
filters, the present invention may be adopted in conjunction with focus detection pixels equipped with color filters, the
color of which matches one of the colors of the color filters at the imaging pixels (e.g. , green filters). In this case, the
image data generated at the focus detection pixels can be utilized in the image data interpolation and, as a result, the
image quality is improved.

[0113] While FIGS. 2 and 23 each show an image sensor at which focus detection pixels are disposed successively,
imaging pixels may be disposed between focus detection pixels so as to assure high image quality. It is to be noted that
the present invention may be adopted by arraying focus detection pixels at an image sensor in patterns other than the
array patterns shown in FIGS. 2 and 23, as long as the object of the present invention is accurately reflected.

[0114] While focus detectionpixels are disposed so as to strike an optimal balance between image quality requirements
and focus detection performance requirements in each of the four regions located on the upper side, the lower side, the
left side and the right side of the image plane divided by the straight lines 102 and 103 passing through the image plane
center at 45° angles relative to the horizontal line 101 and the vertical line 102 at the image sensor shown in FIGS. 2
and 23, these array patterns are designed in conjunction with imaging pixels and focus detection pixels assuming a
square array and the present invention may be adopted in conjunction with imaging pixels and focus detection pixels
assuming an array pattern other than the square array as well.
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[0115] For instance, the present invention may be adopted in conjunction with imaging pixels and focus detection
pixels disposed in a dense hexagonal array pattern (honeycomb array) instead of the square array. FIG. 27 is a plan
view of an image sensor 400 achieved by disposing imaging pixels and focus detection pixels on a plane in a dense
hexagonal array pattern, FIG. 28 provides an enlarged view of an area where imaging pixels 310 ~ 312 (see FIG. 6) are
arrayed at the image sensor 400, FIG. 29 provides an enlarged view of an area where focus detection pixels 320 (see
FIG. 7) are arrayed at the image sensor 400, FIG. 30 provides an enlarged view of an area where focus detection pixels
410 (see FIG. 7) are arrayed at the image sensor 400, and FIG. 31 provides an enlarged view of an area where focus
detection pixels 420 (see FIG. 7) are arrayed at the image sensor 400.

[0116] This image sensor 400 is achieved by disposing the imaging pixels 310 ~ 312 in a dense hexagonal array
(honeycomb array) as shown in FIG. 28, with the focus detection pixels 320, 410 and 420 replacing some of the imaging
pixels 310 ~ 312 in the array. FIG. 29 shows a plurality of focus detection pixels 320 disposed along the horizontal
direction (the left/right direction in the figure) and forming a horizontal focus detection area. FIG. 30 shows a plurality of
focus detection pixels 410 disposed along a right-upward diagonal direction, forming a right-upward diagonal focus
detection area. It is to be noted that the focus detection pixel 410 achieved by rotating a focus detection pixel 320 along
the counter-clockwise direction by 60°. FIG. 31 shows a plurality of focus detection pixels 420 disposed along a left-
upward diagonal direction, forming a left-upward diagonal focus detection area. It is to be noted that a focus detection
pixel 420 is achieved by rotating a focus detection pixel 320 along the clockwise direction by 60°.

[0117] Asshown in FIG. 27, in a dense hexagonal pixel array, the pixels are densely disposed along three directions
(extending with a 60° angle relative to one another) and thus, the image plane is divided into six regions 441 through
446 by three straight lines (extending with a 60° angle relative to one another) 431, 432 and 433 passing through the
image plane center with the pixels disposed between them. In other words, the focus detection pixels 320, 410 and 420
can be disposed along the three directions by ensuring the optimal balance between focus detection performance and
image quality in each region.

[0118] Inaddition, the focus detectionpixels in a square pixel array may be constituted with pixels set along the diagonal
45° directions as well.

[0119] Itis to be noted that the present inventionmaybe adopted in an image sensor that includes focus detection
pixels used to execute focus detection through another split pupil phase difference detection method instead of an image
sensor that includes focus detection pixels used to execute focus detection through the split pupil phase difference
detection methods in conjunction with micro lenses. For instance, it may be adopted in an image sensor that includes
focus detectionpixels used to execute focus detection through a split pupil phase detection method by using polarized light.
[0120] Instead of adopting the present invention in an imaging device, e.g. , a digital still camera or a film-type still
camera constituted with an interchangeable lens and a camera body, the present invention may be adopted in a digital
still camera or a film still camera with an integrated lens. It may also be adopted in a compact camera module built into
a portable telephone or the like, a surveillance camera or the like, as well. The present invention may be further adopted
in afocus detection device installed in adevice other than a camera, a rangefinding device or a stereo rangefinding device.
[0121] FIG. 33 shows a flowchart that illustrates a process for manufacturing the image sensor 212 explained in the
above embodiment. In step S200, the imaging pixels 310-312, and the focus detection pixels 320 and 330 are formed
on a semiconductor substrate through lithography technology by using masks for forming the image sensor 212 corre-
sponding to the FIG. 2.

[0122] Instep S210, colorfilters arranged inthe Bayer array shown in FIG. 3 are formed through lithography technology.
As explained before, color filters are not formed on the focus detection pixels 320 and 330. In step S220, micro-lenses
10 are formed on the pixels respectively through lithography technology.

[0123] Other image sensors according to the variations explained before are also manufactured in the same way as
the above. It is to be noted that the process for manufacturing the image sensor 212 is not limited to the process shown
in FIG. 33. Other manufacturing processes (manufacturing methods) can be available as far as the image sensors 212
according to FIG. 2 or other image sensors according to variations can be manufactured.

[0124] According to the present invention, an improvement in the focus detection performance is achieved while
assuring high image quality by satisfying both the imaging function requirements and the focus detection function re-
quirements.

[0125] The above described embodiments are examples and various modifications can be made without departing
from the scope of the invention.

Claims

1. Animage sensor (212) equipped with imaging pixels (310-312) disposed in a two-dimensional array, which converts
an image formed through an optical system (208-211) to an electrical signal, comprising:
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first focus detection pixel groups (121, 122) each formed by disposing in the array of the imaging pixels (310-312)
a plurality of first pixels (320) adopting a split pupil method; and

second focus detection pixel groups (112-119) each formed by disposing in the array of the imaging pixels
(310-312) apluralityof secondpixels (330) adoptingasplitpupilmethod different from the split pupil method adopt-
ed in the first pixels(320), wherein:

a relationship between a number of the first focus detection pixel groups (121, 122) and a number of the
second focus detection pixel groups (112-119) is determined in correspondence to directions of positions
assumed by the first focus detection pixel groups (121, 122) and the second focus detection pixel groups
(112-119) relative to a center of the image sensor (212).

2. Animage sensor according to claim 1, wherein:

when the image sensor is divided into a first region ranging along a first direction in which the first pixels in each
of the first focus detection pixel groups are disposed and a second region ranging along a second direction in
which the second pixels in each of the second focus detection pixel groups are disposed, the second focus
detection pixel groups are disposed in a greater number than the first focus detection pixel groups in the first
region and the first focus detection pixel groups are disposed in a greater number than the second focus detection
pixel groups in the second region.

3. Animage sensor according to claim 1, wherein:

the relationship between the number of the first focus detection pixel groups and the number of the second
focus detection pixel groups is determined in correspondence to a distance from the center of the image sensor.

4. Animage sensor according to claim 1, wherein:

the first pixels and the second pixels are disposed respectively along a first direction and a second direction in
which pixels are disposed densely in the array of the imaging pixels; and

when the image sensor is divided into a first region ranging along the first direction and a second region ranging
along the second direction with borderlines extending along radial directions different from the first direction
and the second direction in reference to a position through which an optical axis of the optical system passes,
the second focus detection pixel groups are disposed in a greater number than the first focus detection pixel
groups in the first region and the first focus detection pixel groups are disposed in a greater number than the
second focus detection pixel groups in the second region.

5. Animage sensor according to claim 4, wherein:
the borderlines extend at 45° inclinations relative to the first direction and the second direction.
6. Animage sensor according to claim 1, wherein:

photoelectric conversion units at the first pixels in the first focus detection pixel groups assume a size different
from the size of photoelectric conversion units at the second pixels in the second focus detection pixel groups.

7. Animage sensor according to claim 2, wherein:
photoelectric conversion units at the first pixels in the first focus detection pixel groups disposed in the first
region are smaller in size than photoelectric conversion units at the second pixels in the second focus detection
pixel groups disposed in the first region.

8. Animage sensor according to claim 1, wherein:
the first pixels in the first focus detection pixel groups and the second pixels in the second focus detection pixel
groups each include a single photoelectric conversion unit, photoelectric conversion units at first pixels adjacent

to each other are paired up and photoelectric conversion units at second pixels adjacent to each other are
paired up.
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An image sensor according to claim 1, wherein:

the first pixels each include a photo electric conversion unit that receives a light flux having passed through at
least one of a pair of areas set side by side along a first direction on an exit pupil of the optical system and the
first focus detection pixel groups are each formed by disposing a plurality of the first pixels along a direction
corresponding to the first direction;

the second pixels each include a photoelectric conversion unit that receives a light flux having passed through
at least one of a pair of areas set side by side along a second direction different from the first direction on the
exit pupil of the optical system and the second focus detection pixel groups are each formed by disposing a
plurality of the second pixels along a direction corresponding to the second direction; and

when the image sensor is divided into a first region ranging along a direction corresponding to the first direction
and a second region ranging along a direction corresponding to the second direct ion with borderl ines extending
along radial directions different from the first direction and the second direction in reference to a position through
which an optical axis of the optical system passes, the second focus detection pixel groups are disposed in a
greater number than the first focus detection pixel groups in the first region and the first focus detection pixel
groups are disposed in a greater number than the second focus detection pixel groups in the second region.

An image sensor according to any one of claims 4 through 9, wherein:

a ratio of the number of the first focus detection pixel groups to the number of the second focus detection pixel
groups is gradually reduced further away from the position at which the optical axis passes in the first region
and a ratio of the number of the second focus detection pixel groups to the number of the first focus detection
pixel groups is gradually reduced further away from the position at which the optical axis passes in the second
region.

An image sensor according to any one of claims 1 through 10, wherein:

at the center of the pixel array in the image sensor, afirst focus detectionpixel group anda second focus detection
pixel group are disposed so as to intersect each other.

An image sensor according to any one of claims 2 through 9, wherein:
only the second focus detectionpixel groups are disposed in the first region over a peripheral area of the pixel
array in the image sensor and only the first focus detection pixel groups are disposed in the second region over
a peripheral area of the pixel array in the image sensor.

An image sensor according to any one of claims 2, 3 and 5 through 9, wherein:

the first direction and the second direction are directions along which pixels are densely disposed in the pixel
array in the image sensor.

A focus detection device, comprising:

an image sensor according to any one of claims 1 through 13; and
a focus detection unit that detects a state of focus adjustment at the optical system based upon outputs from
the first focus detection pixel groups and the second focus detection pixel groups.

An imaging device, comprising:

an image sensor according to any one of claims 1 through 13;

an interpolation unit that interpolates image outputs at positions assumed by the first pixels and the second
pixels based upon outputs from the imaging pixels surrounding the first pixels and the second pixels; and

a control unit that generates an image signal based upon the image outputs obtained through interpolation
executed by the interpolation unit at the positions assumed by the first pixels and the second pixels, and the
outputs from the imaging pixels.

A method for manufacturing an image sensor (212), comprising:
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disposing imaging pixels (310-312) in a two-dimensional array that convert an image formed through an optical
system (208-211) to an electrical signal;

forming first focus detection pixel groups (121, 122) each by disposing in the array of the imaging pixels (310-312)
apluralityof first pixels (320) adopting a split pupil method; and

forming second focus detection pixel groups (112-119) each by disposing in the array of the imaging pixels
(310-312) apluralityof secondpixels (330) adopting a split pupil method different from the split pupil method
adopted in the first pixels(320), wherein:

a relationship between a number of the first focus detection pixel groups (121, 122) and a number of the
second focus detection pixel groups (112-119) is determined in correspondence to directions of positions
assumed by the first focus detection pixel groups (121, 122) and the second focus detection pixel groups
(112-119) relative to a center of the image sensor (212).

17. Animage sensor according to claim 16, wherein:

when the image sensor is divided into a first region ranging along a first direction in which the first pixels in each
of the first focus detection pixel groups are disposed and a second region ranging along a second direction in
which the second pixels in each of the second focus detection pixel groups are disposed, the second focus
detection pixel groups are disposed in a greater number than the first focus detection pixel groups in the first
region and the first focus detection pixel groups are disposed in a greater number than the second focus detection
pixel groups in the second region.

18. An image sensor according to claim 16, wherein:

the relationship between the number of the first focus detection pixel groups and the number of the second
focus detection pixel groups is determined in correspondence to a distance from the center of the image sensor.

19. An image sensor according to claim 16, wherein:

the first pixels and the second pixels are disposed respectively along a first direction and a second direction in
which pixels are disposed densely in the array of the imaging pixels; and

when the image sensor is divided into a first region ranging along the first direction and a second region ranging
along the second direction with borderlines extending along radial directions different from the first direction
and the second direction in reference to a position through which an optical axis of the optical system passes,
the second focus detection pixel groups are disposed in a greater number than the first focus detection pixel
groups in the first region and the first focus detection pixel groups are disposed in a greater number than the
second focus detection pixel groups in the second region.

20. Animage sensor according to claim 16, wherein:

photoelectric conversion units at the first pixels in the first focus detection pixel groups assume a size different
from the size of photoelectric conversion units at the second pixels in the second focus detection pixel groups.

21. Animage sensor according to claim 17, wherein:

photoelectric conversion units at the first pixels in the first focus detection pixel groups disposed in the first
region are smaller in size than photoelectric conversion units at the second pixels in the second focus detection
pixel groups disposed in the first region.

22. Animage sensor according to claim 16, wherein:

the first pixels each include a photoelectric conversion unit that receives a light flux having passed through at
least one of a pair of areas set side by side along a first direction on an exit pupil of the optical system and the
first focus detection pixel groups are each formed by disposing a plurality of the first pixels along a direction
corresponding to the first direction;

the second pixels each include a photoelectric conversion unit that receives a light flux having passed through
at least one of a pair of areas set side by side along a second direction different from the first direction on the
exit pupil of the optical system and the second focus detection pixel groups are each formed by disposing a
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plurality of the second pixels along a direction corresponding to the second direction; and

when the image sensor is divided into a first region ranging along a direction corresponding to the first direction
and a second region ranging along a direction corresponding to the second direction with borderlines extending
along radial directions different from the first direction and the second direction in reference to a position through
which an optical axis of the optical system passes, the second focus detection pixel groups are disposed in a
greater number than the first focus detection pixel groups in the first region and the first focus detection pixel
groups are disposed in a greater number than the second focus detection pixel groups in the second region.

23. Animage sensor according to any one of claims 19 through 22, wherein:

a ratio of the number of the first focus detection pixel groups to the number of the second focus detection pixel
groups is gradually reduced further away from the position at which the optical axis passes in the first region
and a ratio of the number of the second focus detection pixel groups to the number of the first focus detection
pixel groups is gradually reduced further away from the position at which the optical axis passes in the second
region.
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